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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

SOME CONSIDERATIONS CONCERNING INLETS AND DUCTED BODIES 
AT MACH NUMBERS FROM 0.8 TO 2.0 
By Richard I. Sears 

SUMMARY 


Some of the large differences that can exist at supersonic speeds 
in the pressure recovery and drag of good and not-so-good inlet and 
engine installation arrangements are pointed out. Best pres sure -recovery 
results have been obtained with scoop inlets located close under the nose 
and, for farther rearward locations, with external compression inlets 
having complete boxmdary-layer removal. Best drag results have been 
obtained with conical nose inlets, with scoop inlets located close to the 
nose and causing little or no increase in frontal area, and with a wing- 
root-inlet buried-engine configuration. 


INTRODUCTION 


The study of air-inlet design is essentially a study of thrust and ■*’ 
drag. With an adequately sized inlet, the thrust available is proportional 
to the total pressure the inlet can provide. Many data have been-'presented 
in the past concerning the pressure recoveries attainable at supersonic 
Mach numbers with various types of inlets. ,Sfme information on this ^‘sub- 
ject is presented in this paper. > • • ' .. . . . • '-ji 

,;i) sy •! >,*Uj .- Jl'-- • '• ■ ^ 

Much less data relative to thd^^agToiC bodies having air inlet^s and 
internal-flow systems ,are available The, ..drag characteristics of^hon- 

ducted bodies'of* revolution as affected by.. various shape parameters '"^have -* 
been fairly well established and a considerable amount of experimental 
data is published. Incorporation in a body of a turbojet engine and its 
associated inlets and ducting can cause a major departure in geometry 
from the more idealized body of revolution. 

This paper presents some drag information from systematic tests of 
nose inlets and from isolated tests of scoop and wing root inlets. 
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SMBOLS 


area 

drag coefficient, based on fuselage frontal area 
zero-lift drag coefficient, based on wing exposed area 

mass -flow ratio 

average total -pressure-recovery ratio 

angle of attack 
Mach number 

cone position angle (see fig. 3) 
cowl lip angle (see fig. 3) 

Subscripts : 
i 
f 
o 

DISCUSSION 


inlet (taken at lip leading edge) 
fuselage frontal 
free stream 



Nose inlets .- Fig\ire 1 shows configiirations tested by means of rocket 
techniques to evaluate effects of cowling profile on the drag of normal- 
shock nose inlets. Five different cowl shapes were tested, each with 
identical afterbody shape, and are shown in figure 1. All cowls were of 
fineness ratio 3 and the inlet area was 2k percent of the body frontal 
area. Over-all model fineness ratio was 8. The top cowl is of the NACA 
1-series family; the second is defined by a parabolic arc with its vertex 
at the maximum diameter. The next three are conical with beveled, blunt, 
and sharp lips, respectively. 
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Figure 2 shows the measiired external drag coefficient Cp (based on 
body frontal area) of the complete models, at the left as a fianction of M 
for ~ = 1> and at the right as a function of m/niQ for M = 1.5* For 

maximum flow rate at Mach numbers up to about 1.1, all cowl shapes have 
about the same Cp, but the curves spread apart at higher M, the 1-series 

cowl having the greatest Cj) and the cone with sharp lips the least. The 

other cowls fell in between and in the same order as shown in figure 1. 

The solid line gives the drag of the nonducted, pointed body, derived by 
extending the lines of the parabolic cowling as shown at the top of fig- 
irre 1. The drag of the models with conical cowls are significantly lower 
than that of the pointed body because of the air admitted. 

At M > 1.55, the value of Cp for the body with blunt-lip conical 

cowl is about 0.0^4- less than that for the 1-series cowl. Since both the 
1-series cowl and the blunt -lip conical cowl had identical profiles in 
the region of the inlet lip, it is apparent that the lower drag of this 
conical cowl is associated with its lesser fullness of profile farther 
back than the region of the lips . 

The cxurves of figure 2 show that at M = I.5 all cowls except the 

1-series have about the same value of C-n at as 0.8. Thus, whereas 

m© 

the sharp-lip configuration had least drag at Tnay iT TmTn flow rate, the 
beveled and blunt-lip conical cowls gave less increase in Cp as air 

was spilled. Actually, the increase in Cj) for the sharp-lip conical 

cowl is Just about equal to the additive drag calciolated from momentum 
considerations . The other inlets all benefit to some extent from leading- 
edge suction, the increment in Cj) associated with spilling air being 

less than the coniputed additive drag. The fact that blvmt lips can be 
tolerated on conical cowls without large drag penalties is encouraging 
because they may be necessary structurally and for operation at take-off 
and at angles of attack. 

The effect of cowl shape on the drag of conical-shock nose-inlet 
models in the transonic and supersonic range has been recently obtained 
from rocket tests. The configurations tested are shown in figure 5. The 
models had afterbodies and fins similar to those of figvire 1. The cowls 
were of fineness ratio 5 and the inlet area was 2k percent of the body 
frontal area. The cowls had external lip angles of 12° and 17° faired 
into conical and parabolic cowl shapes as shown. The cone position was 
varied as indicated by the values of 9^ at the right of figure 5. 

The data obtained for these models are given in figure 4. The 
internal flow for each model was the maximum that the inlet would pass 
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and is given by the upper curves, one for each cone position. The des- 
ignation for each drag curve specifies first, the cowl shape, parabolic 
or conicalj second, the external lip angle of the cowl; and lastly, the 
cone position angle. 

Inspection of the drag cirrves shows that changes in lip angle and 
cone position result in small changes in the drag in the direction to be 
expected; however, that shown for changes in cone position borders on 
the accuracy of the tests. The effects of cowl shape are more pronoimced. 
The conical -cowl models had lower drag than did the peirabolic-cowl models; 
this result is consistant with the results shown in figure 2 for the 
normal-shock nose-inlet models. 

The total-pressure recovery at supersonic Mach niambers of nose inlets, 
with and without external compression, are fairly well known for operation 
at an angle of attack of 0°. Tests have indicated that at higher angles of 
attack the pressure recovery decreases rapidly. 

Figure 5 shows some results from exploratory tests of a swept inlet 
expected to have better recovery at high angles of attack than a normal- 
shock inlet. The latter is also shown for comparison. The swept inlet 
was made from a circular pipe by cutting it obliquely at 45° to the axis 
and beveling the lips on the outside. Total -pressiare recoveries were 
measured at M = 1.42 without any diffusion and at M = 1.84 with some 
diffusion. The portion of the inlet and duct ahead of the rake station 
is shown in the sketches. Positive angles of attack are taken as indicated 
by the arrows. The normal-shock inlet, tested only at M = 1.42, had 
rounded inner lips and some diffusion. 

The models were tested with a choking nozzle at the duct exit, which 
simulates constant -engine -inlet Mach number operation. The mass -flow 
ratio therefore varied with angle of attack, it being proportional to the 
pressure recovery. The upper set of curves show the values of mass -flow 
ratio obtained, and the corresponding pressure recoveries are shown in 
the lower set of curves. 

It appears, from these data, that use of a swept nose inlet provides 
reasonably good recoveries at positive angles of attack as high as 20° 
to 50° at the expense pf low flow rates and poor recoveries at negative 
angles of attack. Other published data (ref. 1) show that a swept nose 
inlet wl'th a vertical. -wedge compression surface maintains a nearly con- 
stant recovery of about O.85 for angles of attack from 0° to 10° at 
M = 1.9. The drag characteristics of the swept inlet have not been 
measured. 

Scoop inlets . - Fairly extensive data are available on the pressure 
recoveries attainable with nose inlets, and these will not be discussed 
further here. However, in many case's it is not practical to use nose 
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inlets. Many different types of scoop inlets have been tested with widely 
differing results dependent, to a large extent, on the treatment of the 
boundary layer ahead of the inlet. 

Figure 6 is intended, to give a brief perspective of the relative 
standing of various types of scoops with regard to total -pres sure recovery. 
The data presented are the maximum' average total pressTire after diffusion 
at about an angle of attack of 0° and for mass-flow ratios above O.75. It 
is assumed that for a scoop to be considered for use it musT have gODd 
recovery, at least for these operating conditions. The symbols without 
flags represent wind-tunnel-data test points and the symbols with flags 
represent the end points of curves defined by rocket data. The open 
symbols represent scoops with some type of boundary-layer removal system, 
whereas the solid points indicate scoops with no boundary-layer removal 
system. Detailed results for many of these scoops are reported in ref- 
erences 2 to 11 . Scoop Inlets are of several types as indicated in the 
lower left corner of figure 6 and by the sketches shown. 

The data presented are sample data for each type of scoop, but the 
maximum recoveries shown are believed quite representative of those that 
have been obtained for each type . Problems of matching are not considered 
here . 


Inspection of these data indicates that the recoveries obtained at 
supersonic speeds can be either good or bad depending on the scoop con- 
figuration used and on the treatment of the boundary layer. Best recov- 
eries have been obtained with scoops located just under the nose of the 
body and with extemal-compression-type scoops having complete boundary- 
layer removal. At M< 1.4 and m/mo > 0.75^ the nose scoop apparently 

needs no boimdary-layer removal and has good recovery at positive angles 
of attack (refs. 4, 5^ 3iid 10). Reference 12 treats the external com- 
pression scoop in more detail. Annular or semiannular scoops which 
enclose an appreciable part of the body circumference give low recoveries 
^d pulsations at reduced flow rates (refs. 2, 3, and 7). The submerged 
s'^fsrs also from boundary-layer shock interaction aggravated by 
superstream Mach nianbers ahead of the inlet, caused by the curving ramp 
floor inherent in the design (ref. 8). 

Whereas the pressure recovery of scoop inlets can be rather easily 
compared, the drag characteristics cannot be except in special cases 
where several scoop arrangements are tested for a particular airplane. 
Such systematic tests are rare. The installation of the power plant, 
ducting, and scoop inlet largely determine the fuselage lines which, of 
course, govern the drag. Although drag data for scoop configurations 
are very meager, it is possible to report the results from several iso- 
lated investigations . 
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Figure 7 shows about all the fuselage models having scoop inlets for 
which drag data are available. Above the sketch of each configirration, 
the curve of area distribution normal to the longitudinal axis is shown 
in order to define the geometry better. The solid line represents areas 
corresponding to the physical outline of the model and the dashed line 
represents deduction of the entering free-stream tube area, a procedure 
which recent tests have shown to res\ilt in an equivalent nonducted body 
having the same dra^. All the diagrams are shown to the same scale. 

For the upper three models, only the forward portion of the fuselage 
was tested. Models B, C, and G and the forward half of model E are models 
of actual aircraft. The models on the left are research configurations. 

Drag curves as a fvinction of Mach mmiber are given for some of these 
configixrations in figures 8 and 9 and a comparison of the drag results is 
given in figure 10. Because these config\irations are not related in any 
manner except that all models had scoop Inlets, it is convenient to plot 
their drag as a function of effective body fineness ratio. This value is 
taken as the length divided by the diameter of a circle of area equal to 
the maximimi frontal area. 

The data are shown at the top of figure 10 for the fuselage nose 
configurations A, B, and C, and at the bottom of figure 10, for the com- 
plete fuselage models. The two solid lines, shown for reference pxrtp)oses, 
give the drag of parabolic bodies of revolution without internal air flow. 
The solid line on the top of figure 10 was computed for parabolic -nose 
shapes from second-order theory with an allowance for skin friction 
included. The curve on the bottom of figure 10 was obtained from rocket 
tests of parabolic bodies of revolution. If the drag shown by these 
curves at high fineness ratio is taken as that for a good parabolic body 
of revolution, then the scale at the right gives the ratio of drag to 
that of a good body. 

Many of the models have nearly twice the dreig of good bodies and 
almost all have appreciably more dreig than paxabolic bodies of the same 
fineness ratio. 

For model E (ref. j), the area curve shows a forward location for 
the maximum area station which results in a low nose fineness ratio. 

Data presented in reference 9 indicated that the increase in drag for 
model E over that shown in figure 10 by the solid line for a parabolic 
body of the same over-all fineness ratio and in figure 8 can be just about 
accounted for on the basis of difference in nose fineness ratio. Thus, 
although, as shown in reference 12, forwardly located scoops are favorable 
from boundary-layer considerations, they can cause high drag if they 
result in a low effective nose fineness ratio. 
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The forwardly located underslung scoop of model D was added to a 
parabolic body of revolution without increasing or changing the location 
of the maximum frontal area. Thus, the nose fineness ratio was not changed 
and, as indicated by point D on the lower part of figure 10 and by fig- 
ure 8, the drag of the ducted model was, within the experimental accuracy, 
the same as that of the body without scoop. Although the scoop of model D 
had an area only 8 percent of the body frontal area, tests in the Langley 
8-foot transonic tunnel (ref. 10) of a similar scoop of area twice as 
large relative to the fuselage also indicated negligible drag increment, 
at least to M = 1.1, the limit of the test. The underslung nose scoop, 
therefore, looks good from drag as well as pressinre -recovery considerations. 

Although the effective fineness ratio (as defined) is fairly large 
for model C, dragwise it acted like a nose of much lower fineness ratio 
(ref. 15). The distribution of area in this case was important. 

Fuselage drag usually accounts for the greater portion of airplane 
zero-lift drag. Therefore, it is obviously important to make the drag 
of fviselages, with scoop inlets and associated bumps for ducting gind 
engine housing, approach the drag of good bodies of revolution. It is 
recognized that greater research effort is needed to indicate ways of 
achieving this effect. 

Wing root inlet .- Another important class of Inlets is the wing root 
inlet. Data published in reference l4 show that a wing ropt inlet could 
be added to an 8-percent-thick swept wing with very little increase in 
drag at Mach numbers less than 1.4, the limit of the tests. Figure 11 
presents data to M = 2 which lead to similar conclusions for a somewhat 
different wing-root-inlet arrangement. 

The basic wing was swept 4?° on the quarter-chord line and was 
5.5 percent thick. Inboard of the one -third semispan station the wing 
was split and the lower portion dropped to form the root inlet as shown 
in the sketch. The modified wing root housed two semiburied turbojet 
engines on each side as well as the inlet. The upper curve gives the 
mass-flow ratios at which the inlet was operated. ■ The lower two curves 
give the measured external drag coefficients of the wing. These values 
are based on exposed-wing plan-form area. The solid points indicate data 
the wing with inlet and engine installation and the open symbols are 
for the unaltered basic wing. These drag coefficients were obtained from 
tests of the configuration with and without the wing. Wing-fuselage inter- 
ference drag is thus included in values given in figure 11. The data are 
given for the zero-lift condition only. 

Comparison of the two drag curves indicates that addition of this 
root inlet increased the wing drag coefficient by about 10 percent at 
supersonic speeds. Iiiasmuch as the wing frontal area was increased 
20 percent by the inlet, this result means that the drag per unit frontal 
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area of the wing with inlet and engine installation was only 92 percent 
of that of the basic wing. This effect is, of course, caused by the fact 
that the wing was admitting air. However, the reduction in drag per unit 
frontal area for this wing root inlet and engine configuration is in 
marked contrast to the increases in drag per unit frontal area shown pre- 
viously for fuselage configurations having scoop inlets. 

Althoiagh adequate pressure -recovery data are not available for this 
inlet configuration, figure 12 shows recoveries measured in the Langley 
treuisonic blowdown tunnel for another wing root inlet. Adding this 
elliptically shaped root inlet to the basic swept wing-fuselage config- 
uration caused increments of drag coefficient of about the same magni- 
tude as those shown in figure 11. 

The inlet lips were round and staggeretd as shown in the sketch. 

Tests were made with and without a boundary-layer bleed. The basic fuse- 
lage lines just ahead of the inlet were altered to permit installation 
of the boundary-layer bleed scoop. The boundary-layer duct exited normal 
to the wing on the lower surface just back of the inlet. 

The three sets of curves show the effects of Mach number, angle of 
attack, and mass-flow ratio on the average pressure recovery measured 
after diffusion, for operation with and without the boundary-layer bleed. 

Analysis of the data shown in figure 12 and in figure 11 shows swept 
wing root inlets to be potentially low drag configurations and, without 
external-compression devices, to be potentially capable of giving normal- 
shock recoveries over a fairly large angle -of -attack range. The need for 
fiirther development to provide a workable boimdary-layer bleed system is 
indicated . 


CONCLUDING REMARKS 


This paper has attempted to point out some of the large differences 
that can exist at supersonic speeds in the pressure recovery and drag of 
good and not-so-good inlet and engine installation arrangements . Best 
pressure -recovery results have been obtained with scoop inlets located 
close under the nose and, for farther rearward locations, with external 
compression inlets having complete boundary-layer removal. Best drag 
results have been obtained with conical nose inlets, with scoop inlets 
located close to the nose and causing little or no increase in frontal 
area, and with a wing-root-inlet buried-engine configiaration. More work 
is needed to define the minimum-drag arrangements of scoop configurations 
wherein the engine installation causes large Increases in frontal area 
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of a basically good fioselage. At present, available tests have shown 
such configurations to be of high drag relative to those previously 
mentioned . 


Langley Aeronauticaly Laboratory, ! 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Septemberj 9 , I 955 . 
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Figure 1 


EXTERNAL DRAG OF NORMAL-SHOCK NOSE-INLET MODELS 
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CONICAL-SHOCK INLET MODELS 
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Figure 5 


EXTERNAL DRAG OF CONICAL-SHOCK 
NOSE-INLET MODELS 
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SWEPT INLET 
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Figure 5 


SCOOP- INLET PRESSURE RECOVERY 
0 = 0“; m /mo >0.75 
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Figure 6 
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SCOOP-INLET MODELS 
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Figure 7 


EXTERNAL DRAG OF SCOOP-INLET ROCKET MODELS 
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Figure 8 
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EXTERNAL DRAG OF SCOOP-INLET MODELS 
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EFFECT OF FINENESS RATIO ON DRAG OF FUSELAGE 
WITH SCOOP INLETS 
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Figure 11 


PRESSURE RECOVERY OF WING ROOT INLET 
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Figure 12 
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